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Abstract

Introduction - The ability to precisely manipulate fluid and particles at microscales is one of the
essential requirements for various lab-on-a-chip applications such as drug diagnostics, chemical
synthesis etc.[1] Recently, the nonlinear interaction of surface acoustic waves (SAW) with fluid
at microscales has been utilized to achieve this aim. When surface acoustic waves interact with
fluid inside a microchannel, they radiate acoustic energy into the fluid. This sets the fluid into
motion (referred as acoustic streaming) and also results into an acoustic radiation force on the
particles immersed in the fluid. In this work, we present a perturbation approach based numerical
model to study SAW-driven acoustophoretic motion of particles in microchannels under the
influence of both the acoustic streaming induced drag force as well as the acoustic radiation
force.

Use of COMSOL Multiphysics® - We model the fluid using the compressible Navier-Stokes
equations in COMSOL Multiphysics® software. To circumvent the wide length and time scales
associated with the typical SAW devices, we employed a perturbation approach resulting in first-
and second-order equations (Figure 2), which are then successively solved using appropriate
boundary conditions (Figure 1). To resolve the boundary layers near the mesh, the mesh was
heavily refined near the walls (Figure 2). Since the second-order equations include a body force
arising from the first-order terms, these equations can be solved successively using both the
Weak Form PDE physics interface and the Laminar Flow interface.

Results - Figure 3 shows the acoustic fields (first-order pressure, p1 and velocity, v1) inside the
microchannel, which are characterized by a standing wave along the horizontal direction, but a
traveling wave is observed in the vertical direction moving from the bottom to the top wall, as
indicated by the arrows. Figure 3 also shows the second-order acoustic streaming velocity, v2,
indicating four streaming vortices along the channel width. Figure 4 shows the acoustophoretic
motion of particles under the influence of acoustic radiation force and acoustic streaming for
three different particle diameters: (b) 1 μm; (c) 5 μm, and (d) 20 μm. It can be seen that the motion
of smaller particles is completely dominated by the streaming-induced drag force and the small
particles follow the acoustic streaming patterns shown in Figure 3. However, for increasing



particle sizes, the radiation force becomes significant and for large particles, the motion is
completely dominated by the acoustic radiation force pushing the particle to the pressure node
along the center of the channel.

Conclusion - In conclusion, we present a numerical model for SAW devices and identify the
acoustic fields and the resulting particle motion inside the microchannel. We investigated a range
of particle diameters to study the transition from streaming-drag-dominated acoustophoresis to
radiation-force-dominated acoustophoresis. Our model would be useful for the optimization of
SAW-based devices for various lab-on-a-chip applications.
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